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SUMMARY OF RESULTS*

L KFInCT OF SUBSTIIKUTS 00 7E RIGS OF POLY (P-PRMFLM TKRiPITRALA2Z)

b. Summary of Results

W ei ha ve explored the effect of substituents on the crystallnematic

and nematic~totropic transition temperatures of poly (9-phenylene tere-

phthalate). The substituents halogen, phenyl, and hexyl replaced hydrogen

on the ring of hydroquinone or terephthalic acid. One gets a much larger

reduction of the transition temperatures if a phenyl substituent is on

terephthalic acid. We believe this substituent forces the carbonyl group

out of the ring plane, and creates a more flexible link.

I. SPINNIUG 7IEMOTROPIC COPOLYESTIRS

b. Summary of Results

We have investigated the spinning of thermotropic copolyesters. In

order to have enough polymer for these studies, we have used two types of

commercial polymers. One is the Tennessee Eastman X-7GA3,A5,A6 a copoly-

ester of 60 mole percent hydroxybenzoic acid (HBA) and polyethylene tere-

phthalate, while the second is the "Vectra" copolymers of Hoechst-

Cellanese composed of KBA and 2-hydroxy-6-naphthoic acid (HNA).A 4 ,A 7- A9

Although both of these copolyesters were developed for injection molding

applications, we have investigated the fiber spinning properties of these

copolymers.
2J

Conventional polymers are spun with minimal orientation, and then

orientation is introduced in a later cold drawing operation. Thermotropic SFor _

polyesters cannot be cold drawn, so orientation is introduced by shear

the capillary, or by spin drawing the molten fibjr just below the spin- 0

neret. One can increase the shear in the capillary by increasing the L/D d

ratio of the capillary. Fibers with modest properties can be obtained in

this way, but some spin draw is required. Better properties are obtained,,jtrioution/

* ,Availability Codes
References beginning with the letter A are found on page 6.
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by reducing L/D and increasing the spin draw ratio. A long relaxation time

is essential if the orientation introduced during spinning is not to be

lost before the fiber crystallizes. Jackson1 has shown that a highly

extended chain is necessary if the relaxation time is to be long. However,

this implies a low entropy of fusion and a high melting temperature.

Randomness is introduced by copolymerization in order to lower the transi-

tion temperatures so the polymer can be processed without decomposition.

Lenz and coworkers 2 have demonstratated that melt interchange of a copoly-

mer in a two phase system can lead to the development of longer blocks.

The second phase can be either a crystalline or a nematic phase. Blocki-

ness significantly affects the rheology of the melt, and hinders orienta-

tion of the thermotropic polyester by spin drawing. We were fortunate

enough to obtain both a blocky and a random sample of X-7G. The melt of

the former was shear thinning, while that of the random sample was

Newtonian. This indicates the blocky sample is crystalline. Cogswe1,3

and Wissbrun and Ide, 4 have reported an interesting effect of thermal

history. If the melt is heated to a higher temperature, TH, and then

cooled to the test temperature, T, the melt viscosity may be reduced and

the fiber properties improved. This proved to be a very sensitive way to

detect crystallites present in such a small amount that no differential

scanning calorimeter exotherm could be found when they melted. The random

sample, which has no blocky units, did not exhibit a thermal history

effect. Fibers spun from the random sample had better mechanical

properties. It should be noted that the random sample has the same copoly-

mer composition and inherent viscosity. We also investigated three

Hoechst-Cellanese copolyesters. All exhibited a flow instability, which

could be overcome at high shear stress, indicating that the unstable flow

occurs in the capillary. The 58HlBA/42HNA copolymer gave the best fiber

properties. The 75HBA/25HNA and the 30HBA/70HNA copolymers appeared to

contain crystallites arising from blocky units, and gave poorer proper-

ties. We believe this is due to the presence of crystallites which seed

crystallization in the thread line before the polymer is completely

oriented. The highest initial modulus is found at a relatively low spin

draw ratio. However, x-ray diffraction indicates that the crystallite

orientation improves at still higher spin draw ratios. Evidently, at

higher spin draw ratios defects are pulled into the fibers, which reduces

the modulus.
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